China has experienced an uninterrupted growth of grain output during the past decade. However, a long-term analysis indicates fluctuations in productivity and output levels, as well as dramatic shifts in grain crop mix and regional distribution. This paper, therefore, re-examines the major factors behind the dynamics in China's grain production over the period of 1978-2013. The Index Decomposition Analysis technique, facilitated by means of Logarithmic Mean Divisia Index, is employed to factorize the changes in China's grain output into four effects, i.e., yield effect, area effect, crop-mix effect and spatial distribution effect. The results show that yield effect, having been the major driver behind the growth, is experiencing a declining trend over time, with crop-mix effect gaining increasing importance. The results also indicate that changes in crop-mix caused an increase in the total grain output during 2003-2013, however this was due to abandonment of soybean farming, which is not sustainable in terms of self-sufficiency. The effect of spatial distribution has been diminishing ever since 1984. Therefore, re-allocation of areas sown is not likely to damper the sustainability of grain farming.
Introduction
China has achieved a consecutive grain output growth for the past decade. During 2003-2013, China's grain output increased from 431 million t to 602 million t with an annual growth rate of over 3%. The continuous growth in grain output indicates an important improvement in capacity of China's grain production, which offers a significant contribution to food security both domestically and internationally [1] [2] [3] .
In fact, the periods of enduring increase in grain production are rather rare in the modern China's history [4] , as highly volatile trends had prevailed within a longer time span in the past [5] . Numerous studies have examined factors behind the specific trends in China's grain production [6] [7] [8] [9] . However, many of these focused on the aggregate analysis, i.e., the key grain crops were aggregated together, often at the national level, but quite a few have looked at the issue from a disaggregate perspective, i.e., examining the performance of different types of crops across different regions.
As put forward by Zhu et al. [4] and Yang [10] , there are at least three key reasons for a disaggregate analysis: First, there is a need to meet specific requirements for grain demand, which, indeed, may differ Since the late 1970s, when China began rural economic reform, grain production has exhibited remarkable growth. The general trends in grain area sown and output from 1978-2013 are depicted in Figure 1 . During the aforementioned period, China's total grain output has nearly doubled by rising from 304.8 million t to 601.9 million t. This increase is particularly impressive given that it has been achieved along with a decrease in the total area sown under grain crops of nearly 7%. Therefore, the upward trend in grain output indicates a substantial improvement in grain yields.
Data Used
The research involves multiple variables to quantify the contributions of different factors of changes in China's grain output. Specifically, national and provincial data on output, areas sown and yields are obtained from the China Rural Statistics Yearbook for each crop and cover the period of 1978-2013. Noteworthy, the definition of grain in China is different from the concept proposed by international organizations, i.e., FAO and USDA, which mainly refers to cereals (e.g., rice, wheat and corn). Specifically, Chinese statistics applies term "grain" to a much wider range of crops, including rice, wheat, corn, soybeans, potatoes, millet, sorghum, and other crops [16] [17] [18] . Thus, to simplify the analysis, we classify the Chinese grain crops into the five groups, namely rice, wheat, maize, soybeans, and "other" grain crops.
In order to deliver more general insights regarding the trends in the grain output, we further group China's 31 provinces, autonomous regions and municipalities into the seven regions according to the terrain types and cropping patterns prevailing there [19, 20] : (1) Northeast China (NE) encompasses Heilongjiang, Jilin, Liaoning; (2) North China (NC) includes Beijing, Tianjin, Hebei, Shanxi, Shandong, Inner Mongolia; (3) East China (EC) includes Shanghai, Jiangsu, Zhejiang, Anhui, Jiangxi; (4) Middle China (MC) includes Hubei, Hunan, Henan; (5) South China (SC) includes Guangdong, Guangxi, Fujian, Hainan; (6) Southwest China (SW) includes Sichuan, Yunnan, Guizhou, Tibet; (7) Northwest China (NW) includes Shaanxi, Ningxia, Gansu, Qinghai, Xinjiang. (We do not include Hong Kong, Macao and Taiwan here. Hainan and Chongqing appear under Guangdong and Sichuan since the former provinces were established in 1988 and 1997, respectively.)
General Trends in Grain Production following the Rural Reform in China

Changes in China's Aggregate Grain Output
Since the late 1970s, when China began rural economic reform, grain production has exhibited remarkable growth. The general trends in grain area sown and output from 1978-2013 are depicted in Figure 1 . During the aforementioned period, China's total grain output has nearly doubled by rising from 304.8 million t to 601.9 million t. This increase is particularly impressive given that it has been achieved along with a decrease in the total area sown under grain crops of nearly 7%. Therefore, the upward trend in grain output indicates a substantial improvement in grain yields. However, as indicated by Figure 1 , fluctuations in grain harvest are observed. Indeed, in the spirit of earlier literature, e.g., [5, 21, 22] , the trends in grain harvest in China since the rural economic reform can be analyzed by considering four sub-periods specific with different magnitudes or directions of changes. Sub-period I, 1978 Sub-period I, -1984 , showed a remarkable growth in output with annual growth rate of 5.0%, whereas sub-period II, 1984 II, -1998 , was specific with a moderate rate of growth in output of 1.7%, and the area sown virtually stagnated. Sub-period III spans over 1998-2003 and marks a fall in harvest of 15.9% (3.4% p.a.) as well as a 12.6% (2.7% p.a.) decrease in the area sown. Thereafter, sub-period IV, 2003-2013, showed a notable rebound in both area sown (1.2% p.a.) and output (3.4% p.a.) lasting for more than a decade in a row. Therefore, these four time periods will be used as those describing different stages of the development of Chinese grain production.
Changes in the China's Grain Cropping Pattern
Grain cropping pattern has been significantly altered along with growth in the aggregate output in China. As shown in Table 1 , the increase in the rates of growth in the outputs of wheat and maize (126% and 289%, respectively) were higher than the average rate of growth in the total grain harvest (97% during 1978-2013). As a result, the share of the latter two crops has increased in the grain mix. However, at the other end of spectrum, the shares of rice, soybean and "other" grain crops have decreased. "Mt" and "Mha" refer to output in million tons and area sown in million hectares, respectively. "Share" refers to the share (in per cent) of each crop in the total grain output or total area sown within a specific year. Source: China Rural Statistical Yearbook (NBSC, various years).
Such changes in grain output structure are highly related to the variations in both areas sown and yields for different grain crops in China. As suggested by Table 1 , the notable output growth in maize has been accompanied by equally remarkable increase in areas sown. Specifically, following a slight decline in sub-period I, the area sown under maize has started to emerge rapidly. This process became especially evident in sub-period IV when area sown under maize went up by 50% and maize outpaced rice in terms of both area sown and output. However, the traditional two most important crops-rice and wheat-showed the opposite trends if contrasted with maize as their shares in grain mix firstly increased during sub-period I, but somewhat declined afterwards. The steepest decrease in area sown is observed for "other" grain crops, while the rate of decrease in the area sown was rather limited for soybeans.
As regards changes in yields, all the crops experienced an upward trend, though the gains in soybean yields were rather marginal ones (cf. Figure 2) . The highest yield gains are observed for wheat and maize. Specifically, the yields for the latter two crops went from 1.8 t/ha and 2.8 t/ha in 1978 up to 5 t/ha and 6 t/ha in 2013, respectively. Meanwhile, the composite grain yield increased from 2.5 t/ha up to 5.4 t/ha. Notably, the yields of wheat and maize were not affected by the decline during sub-period III to the same extent as it was the case for the remaining crops. Rice remained the most productive crop throughout the period of 1978-2013, even though the yield gap between rice and maize, the second most productive crop, decreased during sub-period IV. 1978 up to 5 t/ha and 6 t/ha in 2013, respectively. Meanwhile, the composite grain yield increased from 2.5 t/ha up to 5.4 t/ha. Notably, the yields of wheat and maize were not affected by the decline during sub-period III to the same extent as it was the case for the remaining crops. Rice remained the most productive crop throughout the period of 1978-2013, even though the yield gap between rice and maize, the second most productive crop, decreased during sub-period IV. 
Spatial Changes in China's Grain Production
Taking a regional perspective, China's grain production showed a clear tendency of shifting from the South to the North (cf. Figure 3a) . Obviously, the region of EC saw a sharp decrease in contribution to the overall grain harvest after 1984 (from 22.5% in 1984 down to 16.1% in 2013), whereas NC and NE exhibited the opposite trend. Yet another plunge in contribution to the grain output was that in SC. The overall contribution there had been gradually declining until 2003 (from 10.8% down to 8.9%) and more steeply afterwards ending up at 6.1%. Similar trends prevailed in SW, where a decrease from 15.8% down to 12.4% occurred during [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] . At the same time, the NE region increased its share to the highest extent (from 14.6% in 2003 up to 19.5% in 2013). More detailed information regarding changes and differences in grain yields and crop structure across Chinese provinces is available in Tables A1 and B1 , respectively. The aforementioned trends are obviously related to the differences in general economic development existing among Chinese provinces. In particular, as more developed southern provinces saw rapid urbanization along with expansion of non-agricultural activities, importance of the northern provinces increased in the sense of grain production.
In order to present more insights in the underlying causes of the discussed developments, we further focus on the crop-specific dynamics. The changes in the contributions of different regions towards the harvest of each crop are presented in Figure 3b -f.
The production of rice showed the trend of shifting from South to North of China. Traditionally, rice production was mainly distributed in the EC, MC, SC and SW areas (Figure 3b ). However, due to improvements in varieties and cultivation techniques, among other factors, rice production has been expanding rapidly in the NE area since the 1990s, and, especially, during [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] . As a result, the share of NE in the national total rice output has increased. During 1978-2013, the rice output increased from 4 million t to 32.9 million t in NE, with regions' relative contribution going up from 3% to 16.2%. Thus, NE has played an increasingly important role in China's rice production, even more significant than that of the SC and SW. In contrast, the share of traditional major rice 
The production of rice showed the trend of shifting from South to North of China. Traditionally, rice production was mainly distributed in the EC, MC, SC and SW areas (Figure 3b ). However, due to improvements in varieties and cultivation techniques, among other factors, rice production has been expanding rapidly in the NE area since the 1990s, and, especially, during [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] . As a result, the share of NE in the national total rice output has increased. During 1978-2013, the rice output increased from 4 million t to 32.9 million t in NE, with regions' relative contribution going up from 3% to 16.2%. Thus, NE has played an increasingly important role in China's rice production, even more significant than that of the SC and SW. In contrast, the share of traditional major rice producing areas-EC, MC, SC and SW-has been declining. Indeed, the shares of EC and SC declined to the highest extent (−4.4 p.p. and −7.5 p.p., respectively).
The production of wheat did not follow the shift from the South to the North. Indeed, as indicated by Figure 3c , wheat is mainly cultivated in NC, MC and EC, with their aggregate share in output amounting to over 70% throughout the period of 1978-2013. Moreover, an obvious tendency of increasing concentration of wheat production in these regions has been observed, with the contribution of NC to the national wheat harvest rising from 32.3% to 33.6%, that of MC rising from 21.1% to 30.0%, and that of EC increasing from 13.9% to 20.4% during 1978-2013. In contrast, the shares of NW, SW, NE and SC have declined. The contribution of NE and SC even came virtually to nil in recent years, indicating these areas have virtually ceased wheat production.
As regards maize harvest, a movement towards the North was observed, yet few regions were affected by such changes (Figure 3d ). Specifically, NE and NC remained the major producing areas: the share of these two regions increased from 59.3% to 66.1% during 1978-2013. A stability or even decrease was witnessed by other regions. Especially, the share of SW went down from 15.1% to 9.4% during 1978-2013.
Soybean production has been highly concentrated in NE region (Figure 3e ), and the spatial shifts were rather meager for this particular crop. Although the share of NE dropped from 45% to 38% during 1984-1998, it rebounded to 50.4% in 2003. However, it declined significantly in the following decade and ended up at 38.5% in 2013. This was due to expansion of areas sown under maize and rice in NE. As a result, the shares of the other areas, excluding MC, improved steadily.
The "other" grain crops showed an increasing concentration in the South (Figure 3f ). The shares of NC and NE declined from 27.6% and 15.8% down to 18.5% and 8.8%, respectively, during 1978-2013. However, the share of NW grew from 7.4% up to 12.2%. The role of EC also decreased as represented by its share falling from 16.8% down to 7.5%. SW appeared as the key region securing its role as "other" grain producer: its contribution increased two-fold from 16.5% up to 35.4%.
Despite the changes in the regional distribution of grain crops in China, there has been a convergence in grain yields among Chinese provinces. Specifically, the coefficient of variation for grain yield shrunk from 0.34 down to 0.18 during 1978-2013. The decrease had been subdued during 1998-2003. Rice and maize show the lowest coefficients of variation for 2013 (0.16 and 0.2, respectively). In contrast, wheat, soybean, and "other" grain crop yields are more diverse across the provinces with coefficients of variation ranging in between 0.31 and 0.34 for 2013. These findings imply that the extent of application of modern farming practices has increased in China as the country-wide trend of increasing yields was followed by a decreasing spread thereof.
In order to reveal the potential impact of spatial distribution on the grain crops, we look at the data on crop productivity across the provinces (cf. Appendix A). As one can note, the aggregate grain yields ranged in between 3.3 t/ha and 7.4 t/ha for 2013. If compared to 1978, the highest rate of increase was observed for the lower bound of the aggregate yields and the lowest rate of increase-for the upper bound. This, indeed, corresponds to the findings of convergence as measured by the coefficient of variation. However, the provinces are rather different in terms of the gains in grain crop yields. The coefficients of correlation are all below the value of 0.67 (which relates soybean and maize yield gains) for the combinations of different grain crops (The coefficients of correlation were calculated between per cent gains in crop yields during 1978-2013 for each pair of crops with provinces being treated as individual observations. Higher values imply that growth in yields is more similar for a combination of the two crops under consideration. The maximum observed value is 0.67 for soybean and maize.) Therefore, the differences in grain yields have been reduced, yet still remain in effect across Chinese provinces.
In summary, there have been structural changes and pure yield changes that caused fluctuations in China's total grain output since its rural economic reform in the late 1970s. The extensive development, as captured by the changes in the area sown, obviously contributed to the dynamics in harvest to a 
Preliminaries for Index Decomposition Analysis
Index Decomposition Analysis (IDA) allows one to decompose the changes in a certain variable of interest into a number of effects as represented by multiplicatively related factors. Ang [23] and Xu and Ang [24] summarized the key preliminaries for IDA. From the methodological viewpoint, there are two main strands of the IDA: techniques based on the Divisia index (type I) and techniques based on the Laspeyres index (type II) [25] . Originally, IDA has been extensively applied in the field of energy economics [26] [27] [28] [29] .
The underlying idea of the index decomposition analysis is to isolate the effects of different factors affecting a certain variable. Indeed, the factors and the resulting variable are related by a functional relationship, which allows for such decomposition. In this paper, we apply the Logarithmic Mean Divisia Index (LMDI), type I, to decompose the changes in China's grain output in terms of factors related to both extensive and intensive development.
The general case of the IDA can be presented in lines with Ang [23] . Say V is the resulting (aggregate) variable, which can be broken down into n factors that fully describe the changes in V 
The general case of the IDA can be presented in lines with Ang [23] . Say V is the resulting (aggregate) variable, which can be broken down into n factors that fully describe the changes in V throughout the time. Let us denote these factors as x 1 , x 2 , . . . , x n . Assume there is index i for sub-categories of the aggregate variable. For a certain sub-category i, the following relationship describes the influence of n factors upon the aggregate variable:
x ji . Summing over sub-categories, one arrives at the general IDA identity:
where i = 1, 2, . . . , m and j = 1, 2, . . . , n. Furthermore, we look at the changes in the aggregate variable.
Therefore, the sub-category value is
x T ji for period T. The values for sub-categories can be summed up to arrive at the aggregate values V 0 and V T . IDA can be employed to decompose the change in the aggregate variable (i.e., additive decomposition):
where ∆V x j is the absolute contribution of the j-th factor towards the change in V.
The techniques for IDA differ in the weighting of factors of decomposition among other issues. The LMDI technique attributes the change in the aggregate variable to the k-th factor as follows:
where k = 1, 2, . . . , n. This approach can be applied upon an IDA identity, which, indeed, must be adapted to the phenomenon of interest. The definition of the relationships among the aggregate and factor variables, therefore, constitutes a focal element of the IDA. In a nutshell, the grain output is determined by the two main factors, namely area sown and yield. In case multiple crops and areas (provinces) are covered, the yield factor can be further decomposed into crop-mix, spatial structure and pure yield effects. Therefore, the following groups of factors can be analyzed: intensity effect (pure yield effect), structural effects (crop-mix and spatial distribution), and area effect (total area sown). More specifically, these effects are defined as follows:
A-area sown effect captures the changes in the overall area sown and, thus, the impact of extensive development; S i -spatial distribution effect captures the changes in shares of areas within different provinces relative to the total area sown and their impact upon changes in the aggregate yield;
M ij -crop-mix effect captures the impact of changes in crop structure within the provinces upon the aggregate yield; Y ij -pure yield effect quantifies the impact of crop-specific yields.
Assuming there are multiple provinces and crops, we define i = 1, 2 . . . , m as a province index and j = 1, 2 . . . , n as a crop index. Therefore, the IDA identify can be established to relate the total grain output to the four aforementioned factors:
where Q is the total harvest in tons; A is total area sown in hectares; A i is area sown in hectares for the i-th province; A ij is area sown in hectares for the j-th crop in the i-th province; Q ij is the harvest in tons for the j-th crop in the i-th province. Note that A i = ∑ j A ij . Consequently, the change in the total harvest additively decomposes as follows:
Following Equation (3), the respective effects ∆Q A , ∆Q S , ∆Q M , and ∆Q Y can be calculated by employing equations below:
where
The presented framework, therefore, allows one to decompose the change in grain output in terms of both extensive and intensive factors. As Chinese provinces are rather diverse in terms of natural and climatic conditions, the structural effect is a rather important factor for changes in the crop output. However, the latter aspect has been neglected in the literature (see, for instance, [4, 24] ). The proposed methodology, therefore, allows for a more detailed analysis of changes in the crop production. The analysis can be applied on different time periods in order to ascertain whether the main drivers of changes in grain output vary with time.
Decomposition of China's Grain Output Changes during 1978-2013
Period-Wise Analysis
The period-wise results at the aggregate level are presented in Table 2 . One can easily note that, from 1978 to 2013, China's grain output was stimulated by yield gains and the crop-mix effect, while the area sown effect and the spatial effect were negative. However, such patterns varied across sub-periods.
For sub-period of 1978-1984, the decline in areas sown under grain was observed. The output growth was, therefore, mainly attributed to the yield effect. Crop-mix effect also played a somewhat positive role in promoting the grain harvest, whereas the effect of spatial distribution was negative. In general, it is widely believed that reform policies during this period, in particular, the implementation of the Household Responsibility System, offered the incentives for farmers and significantly improved land productivity [30] . Moreover, as mentioned before, the crop-mix changes in the said period were actually the substitution of high-yield wheat and rice for low-yield "other" grain crops. Given rice and wheat have always been the main grain crops in China, such changes in the crop-mix would increase the total output, thus contributing to solving the topical problem of food and clothing (wen bao wen ti) at that time (The effect, indeed, was two-fold: Directly, increased food supply allowed to ensure food security. Indirectly, higher share of household income could be allocated top clothing.).
As regards sub-period of 1984-1998, the grain output growth in this period was the combined result of positive yield effect, area effect and crop-mix effect, among which yield effect still prevailed, whereas crop-mix effect and area effect played more important roles than before. However, the spatial effect was the only negative factor. Unlike the case of sub-period of 1978-1984, the crop-mix change was more favorable towards maize during this period, which might be partly associated with the rapid development of livestock farming and the increasing demand for feed. However, since the increase in maize production was accompanied by a decreasing cultivation of rice (which, indeed, showed higher yields than maize did) and other crops, the positive effect of crop-mix was somehow reduced, and amounted to some 10 million t only. During the sub-period of 1998-2003, with exception for crop-mix effect, all the other effects contributed to a decrease in the output. Shrinkage in area sown was the prevailing factor for decline in the output, accounting for almost 78% of the total contraction in the output at that time. Moreover, yield loss also played an important role in this process with a contribution of 19.4%. The decline in both grain acreages and yields in the latter period was mainly related to the government policies. Specifically, reduction in grain purchase price, encouragement of agricultural structural adjustment (i.e., promotion of cash crops in lieu of grain), and promotion of ecological projects (i.e., the "grain for green" program) were the most decisive measures at that time [31] . Meanwhile, the rapid industrialization and urbanization in China along with a steep decline in the net revenue from grain farming constituted important factors for land conversion to non-agricultural use and decrease in agricultural inputs for grain production [32] .
In sub-period of 2003-2013, the robust growth in grain output was mainly due to the expansion in areas sown as well as yield gains. Meanwhile, crop-mix changes with high-yield maize and rice replacing low-yield soybean and "other" grain crops also significantly contributed to the growth observed during the period, whereas the spatial effect remained negative. The rebound in grain production specific for this period is an outcome of increased motivation for grain farming due to a plethora of subsidy payments and price support schemes [33, 34] . Moreover, CAD with public investments into rural infrastructure, agricultural R&D and extension stimulated technical progress [35, 36] . Finally, favorable weather conditions positively impacted grain production [4, 5, 37] . Therefore, a number of causes rendered increases in both areas sown and yields during [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] .
Some general trends can be outlined on the basis of temporal variations in different effects. Most importantly, yield effect has always been the primary factor to stimulate the grain harvest in China, yet its absolute magnitude decreased with time. Area effect increased after 2003, which indicated that the recent increase in grain output in China was highly dependent on expansion in area sown. The importance of crop-mix effect has also increased. Indeed, these developments were fueled by increase in demand of livestock products and price support policies in favor of specific grain crops (i.e., minimum purchase price for rice and wheat; temporary stocking purchase price for maize and soybean) (see [15, 33] for further details.). The spatial distribution effect was negative, indicating that the shift of grain production from more productive southern regions to the less productive northern regions has caused negative impacts on the aggregate grain output in China. However, the magnitude of spatial distribution effect diminished thus implying that (1) the structure of the area sown has become more stable in terms of soil fertility; (2) further changes have been bounded by regional differences in resource scarcity (e.g., water and land endowments) and underdeveloped rural infrastructure.
Crop-Wise Analysis
In this section, we further present the decomposition results in the crop-wise manner. As the "other" grain crops only account for a relative small part of China's grain production (some 8% of the total grain output), this sub-section mainly focuses on rice, wheat, maize and soybeans.
5.2.1. Rice Figure 4 presents the results of the IDA for changes in rice output. The period of 1978-1984 marked an increase in rice output of some 41 million t. In this case, the increasing yield was the main driver of change, responsible for 113.1% of the total output change, whereas crop-mix effect appeared as much less significant one, albeit positive, with a contribution of 10.7% of the total output change. The loss in harvest due to decreasing areas sown under rice was more than four times smaller than the gain due to pure yield effect. Indeed, the subsequent periods of 1984-1998 and 1998-2003 showed lower growth and even decrease, respectively. The period of 1984-1998 was specific with an increase in rice output of 20 million t. Again, the pure yield effect was the main driver behind the harvest growth. However, the spatial distribution effect caused a loss in the harvest of over 11 million t.
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5.2.1. Rice Figure 4 presents the results of the IDA for changes in rice output. The period of 1978-1984 marked an increase in rice output of some 41 million t. In this case, the increasing yield was the main driver of change, responsible for 113.1% of the total output change, whereas crop-mix effect appeared as much less significant one, albeit positive, with a contribution of 10.7% of the total output change. The loss in harvest due to decreasing areas sown under rice was more than four times smaller than the gain due to pure yield effect. Indeed, the subsequent periods of 1984-1998 and 1998-2003 showed lower growth and even decrease, respectively. The period of 1984-1998 was specific with an increase in rice output of 20 million t. Again, the pure yield effect was the main driver behind the harvest growth. However, the spatial distribution effect caused a loss in the harvest of over 11 million t. Whereas the changes in rice harvest were mainly driven by the pure yield effect, the period of 1998-2013 put the area effect (i.e., changes in the area sown) as a factor of major importance. The crisis period of 1998-2003 rendered a decrease in rice production of 38 million t. In this case, the main factor was a decrease in area sown. The last period of 2003-2013 showed an increase in rice output of 43 million t. The increase in area sown was the main factor, accounting for 50% of the total output change. In addition to that, the pure yield effect and crop-mix effect contributed 39.3% and 27.2% of the output change, respectively, whereas negative spatial distribution effect further pushed the rice harvest down by some 7 million t.
Looking at the trends of individual effects, yield effect showed an obviously diminishing magnitude, while area effect showed a tendency to increase. After casting a negative impact upon the change in total harvest in the 1990s, crop-mix effect has been an important factor to promote rice Whereas the changes in rice harvest were mainly driven by the pure yield effect, the period of 1998-2013 put the area effect (i.e., changes in the area sown) as a factor of major importance. The crisis period of 1998-2003 rendered a decrease in rice production of 38 million t. In this case, the main factor was a decrease in area sown. The last period of 2003-2013 showed an increase in rice output of 43 million t. The increase in area sown was the main factor, accounting for 50% of the total output change. In addition to that, the pure yield effect and crop-mix effect contributed 39.3% and 27.2% of the output change, respectively, whereas negative spatial distribution effect further pushed the rice harvest down by some 7 million t.
Looking at the trends of individual effects, yield effect showed an obviously diminishing magnitude, while area effect showed a tendency to increase. After casting a negative impact upon the change in total harvest in the 1990s, crop-mix effect has been an important factor to promote rice production in China during the last sub-period. The negative spatial effect persisted indicating that rice production has been moving into less fertile lands. However, one might assume a steady state (or, at least, lower possibility for further shift) is to be approached after the 35-year-long shifting.
Wheat
The changes in wheat harvest are decomposed in Figure 5 . Wheat output grew by 34 million t during 1978-1984. Pure yield effect and crop-mix effect were the factors stimulating the increase in harvest during the period with contributions of 89.7% and 21.8%, respectively (as relative to the total change). In contrast, area sown effect induced a decrease of 4.5 million t, i.e., −13.2% of the total change. The harvest increased by 22 million t during 1984-1998. In the latter period, only the pure yield effect had a decisive impact (92.7% of the contribution share) upon change in the harvest.
The changes in wheat harvest are decomposed in Figure 5 . Wheat output grew by 34 million t during 1978-1984. Pure yield effect and crop-mix effect were the factors stimulating the increase in harvest during the period with contributions of 89.7% and 21.8%, respectively (as relative to the total change). In contrast, area sown effect induced a decrease of 4.5 million t, i.e., −13.2% of the total change. The harvest increased by 22 million t during 1984-1998. In the latter period, only the pure yield effect had a decisive impact (92.7% of the contribution share) upon change in the harvest. The two subsequent periods were specific with an increasing importance of area and crop-mix effects. Specifically, the decrease of 23 million t for 1998-2003 was driven by area and crop-mix effects of the equal magnitude, with contributions of 56.0% and 52.6%, respectively. The spatial distribution effect had a more important impact only in this particular period. Indeed, wheat output decreased 2 million t due to changes in the spatial distribution of areas sown. The final period of 2003-2013 witnessed an increase in the harvest of 35 million t, which was caused by pure yield effects (64.7%) and area effect (34.5%).
The yield effect for wheat remained rather stable throughout years 1978-2013 (with a plunge for the sub-period of 1998-2003). The two structural effects, viz. spatial distribution and crop-mix, followed downward trends. Therefore, without additional support measures, wheat output gains are likely to mainly rely on yield gains.
Maize
Maize showed the highest rate of growth in harvest among the analyzed crops, namely 289% (from 56 million t in 1978 up to 218 million t in 2013). This is the only crop with an increasing area sown as it grew from 20 million ha up to 36 million ha during 1978-2013. Figure 6 decomposes the change in maize output. The two subsequent periods were specific with an increasing importance of area and crop-mix effects. Specifically, the decrease of 23 million t for 1998-2003 was driven by area and crop-mix effects of the equal magnitude, with contributions of 56.0% and 52.6%, respectively. The spatial distribution effect had a more important impact only in this particular period. Indeed, wheat output decreased 2 million t due to changes in the spatial distribution of areas sown. The final period of 2003-2013 witnessed an increase in the harvest of 35 million t, which was caused by pure yield effects (64.7%) and area effect (34.5%).
Maize showed the highest rate of growth in harvest among the analyzed crops, namely 289% (from 56 million t in 1978 up to 218 million t in 2013). This is the only crop with an increasing area sown as it grew from 20 million ha up to 36 million ha during 1978-2013. Figure 6 decomposes the change in maize output. During 1978-1984, maize production went up by 17 million t mainly due to increase in yield (the associated contribution amounted to 124.6% of the total change). During the subsequent periods, pure yield effect had not been the only decisive factor behind changes in the harvest. For the period of 1984-1998, the changes in crop-mix and yield were the two equally important factors allowed for increase in the harvest of some 60 million t. As for the crisis period of 1998-2003, the harvest decreased by 17 million t mainly due to the area effect (the effect equaled −97.7% of the total change). The yield effect also had a negative impact (−68.4% of the total change), whereas crop-mix effect (45.6% of the total change) still caused an increase in the output. Maize production spiked in the last period of 2003-2013 (an increase of 102 million t) with the three factors, viz. yield effect, crop-mix effect, and area sown effect, contributing significantly.
The patterns of changes in different components of the IDA model for maize are somewhat distinct if opposed to those for the other crops. The gains in harvest due to area effect seem to be upwards-trended and more robust than those observed in other instances. The yield effect has also been increasing, yet with a serious decline for the third sub-period. Notably, spatial and crop-mix effects have been clearly gaining more importance with time, which might have been partly due to changes in relative prices of grain crops. Indeed, these prices rest on the nutritional transition and adjustments in price support policies in China.
Soybeans
Soybean output increased by about 58% during 1978-2013, i.e., from 7.6 million t up to 12 million t. The change in area sown under soybean was rather meager, namely a decrease of 5% (from 7.1 million ha down to 6.8 million ha). Figure 7 presents the results of the decomposition of changes in the soybean production.
The pure yield effect dominated the other factors during 1978-1998. Accordingly, soybean output went up by 2.1 million t and 5.5 million in 1978-1984 and 1984-1998 , respectively. During the latter period, the crop-mix effect exceeded 1 million t. The period of 1998-2003 saw an increase in soybean harvest of just 0.2 million t, which was rendered by structural effects, i.e., spatial distribution and changes in crop-mix. These developments were accompanied by a negative yield effect. The period of 2003-2013 marked a decrease in soybean harvest of 3.4 million t, which was mainly dependent upon shifts in crop-mix. Therefore, the reforms of 2004 onwards seem to have particularly caused a change in farmers' preferences towards the choice of soybean as a cropping culture. During 1978-1984, maize production went up by 17 million t mainly due to increase in yield (the associated contribution amounted to 124.6% of the total change). During the subsequent periods, pure yield effect had not been the only decisive factor behind changes in the harvest. For the period of 1984-1998, the changes in crop-mix and yield were the two equally important factors allowed for increase in the harvest of some 60 million t. As for the crisis period of 1998-2003, the harvest decreased by 17 million t mainly due to the area effect (the effect equaled −97.7% of the total change). The yield effect also had a negative impact (−68.4% of the total change), whereas crop-mix effect (45.6% of the total change) still caused an increase in the output. Maize production spiked in the last period of 2003-2013 (an increase of 102 million t) with the three factors, viz. yield effect, crop-mix effect, and area sown effect, contributing significantly.
The pure yield effect dominated the other factors during 1978-1998. Accordingly, soybean output went up by 2.1 million t and 5.5 million in 1978-1984 and 1984-1998 , respectively. During the latter period, the crop-mix effect exceeded 1 million t. The period of 1998-2003 saw an increase in soybean harvest of just 0.2 million t, which was rendered by structural effects, i.e., spatial distribution and changes in crop-mix. These developments were accompanied by a negative yield effect. The period of 2003-2013 marked a decrease in soybean harvest of 3.4 million t, which was mainly dependent upon shifts in crop-mix. Therefore, the reforms of 2004 onwards seem to have particularly caused a change in farmers' preferences towards the choice of soybean as a cropping culture.
For soybeans, the area effect followed the same trends as it was the case for rice and wheat. Spatial effect followed an upward trend thus indicating movement towards more fertile regions. The crop-mix effect followed the same trend for all but the last sub-periods. The trend for the yield effect remained rather unclear, albeit it can be noticed that the gains due to the said factor have generally decreased after 1998. For soybeans, the area effect followed the same trends as it was the case for rice and wheat. Spatial effect followed an upward trend thus indicating movement towards more fertile regions. The crop-mix effect followed the same trend for all but the last sub-periods. The trend for the yield effect remained rather unclear, albeit it can be noticed that the gains due to the said factor have generally decreased after 1998. 
Region-Wise Analysis
The region-wise analysis suggests that NE and NC were the two main regions contributing to the growth in grain output in China (cf. Appendix B). Indeed, they accounted for 27.4% and 24.7% of the total increase, respectively. The increase in grain output in NE is partly due to spatial distribution effect (as it is not the case for other regions). Therefore, the said region benefited from reallocation of areas sown to the highest extent, whereas EC and SC experienced the opposite trend. Both NC and NE exploited the crop-mix effect while increasing their aggregate yields and total outputs to relatively high extent if compared to the other regions. MC was also an important contributor (18.6%) to the total change in the grain output. EC and SW contributed by some 10% each, whereas NW by 8%. These regions are similar in that yield effect was the main driver for increase in grain output there.
The values of the area effect indicate the extent of harvest change which would have occurred due to proportional changes in area sown across provinces. Due to spatial distribution changes, different crop-mixes and, therefore, aggregate yields, this effect varies across the provinces and regions. Obviously, the main contributors, namely NC and NE, show the lowest values of the latter effect. Therefore, the overall reduction in areas sown would affect grain output to the lowest possible extent there. Furthermore, MC and NW regions are also specific with relatively low values of the area effect. On the other hand, industrialized regions, like EC and SW, are attributed with much higher impacts of the area effect.
As regards crop-mix effect, NC and NE appeared as regions which gained the most due to alterations in crop-mix. A more detailed analysis of the sources of the growth in grain output in the NE region reveals that the yield effect could be further improved. Indeed, yield gains there are not of the same magnitude as observed in the best performing regions (e.g., EC and MC) even though more and more areas sown were concentrated there. Accordingly, extension and consulting services should seek to properly encourage technological development in the presence of extensive growth in NE. 
As regards crop-mix effect, NC and NE appeared as regions which gained the most due to alterations in crop-mix. A more detailed analysis of the sources of the growth in grain output in the NE region reveals that the yield effect could be further improved. Indeed, yield gains there are not of the same magnitude as observed in the best performing regions (e.g., EC and MC) even though more and more areas sown were concentrated there. Accordingly, extension and consulting services should seek to properly encourage technological development in the presence of extensive growth in NE.
Discussion
In summary, the carried out analysis showed that the yield effect has always been the primary factor to simulate grain harvest in China, whereas the area effect has become more important after 2003 and accounted for nearly one-third of the output growth during 2003-2013. Moreover, besides the expansion of area sown under grain and increasing yields, cropping pattern change has also played an important role in ensuring the output growth, while negative impacts of spatial shifts have been observed. In addition, comparison of trends for different effects allows one to gain insights into sustainability and scope of prospective growth in grain output as well as other related issues of, for instance, the effectiveness of CAD and the actual role technical advancement played in promoting China's grain production.
The area sown effect has been becoming more and more important in China's grain production. However, given the serious constraints of land resources in the country, further potential for expansion in area sown is quite limited. Although China possesses the world's third largest arable land area, its huge population renders arable land per capita being just 40% of the world average level [15, 38] . Meanwhile, along with rapid industrialization and urbanization, the declines in both land quantity and quality have become a serious concern. Speaking of the period associated with the most evident changes in the land quantity, Figure 8 indicates that the total arable land area in China dropped from 127.1 million ha to 121.7 million ha during 2001-2008, i.e., by 1 million ha per annum. As regards land quality, arable land within high-fertility class currently corresponds to less than one-third of China's total agricultural land area, while the remaining two-thirds fall within middle-or low-fertility classes [39, 40] . However, due to the excessive use of chemical fertilizers and pesticides coupled with intensive farming practices, severe land degradation and large scale of land pollution has been observed nation-wide [41] . Furthermore, as industrialization and urbanization process are likely to accelerate, the decline in agricultural area and land quality may not be reversed in the future, thus the growth based on expansion in area sown will not remain as a primary option for further stimulation of grain production in China [42] .
The area sown effect has been becoming more and more important in China's grain production. However, given the serious constraints of land resources in the country, further potential for expansion in area sown is quite limited. Although China possesses the world's third largest arable land area, its huge population renders arable land per capita being just 40% of the world average level [15, 38] . Meanwhile, along with rapid industrialization and urbanization, the declines in both land quantity and quality have become a serious concern. Speaking of the period associated with the most evident changes in the land quantity, Figure 8 indicates that the total arable land area in China dropped from 127.1 million ha to 121.7 million ha during 2001-2008, i.e., by 1 million ha per annum.
As regards land quality, arable land within high-fertility class currently corresponds to less than one-third of China's total agricultural land area, while the remaining two-thirds fall within middleor low-fertility classes [39, 40] . However, due to the excessive use of chemical fertilizers and pesticides coupled with intensive farming practices, severe land degradation and large scale of land pollution has been observed nation-wide [41] . Furthermore, as industrialization and urbanization process are likely to accelerate, the decline in agricultural area and land quality may not be reversed in the future, thus the growth based on expansion in area sown will not remain as a primary option for further stimulation of grain production in China [42] . The effect associated with the spatial distribution of the area sown exerted a negative impact, which indicates that China's grain production has been shifting from more productive southern regions to the less productive northern regions. Anyway, the effect has diminished and, eventually, had a meagre impact. The latter finding implies that spatial distribution effect may no longer appear as an unfavorable factor for grain production in the future. Moreover, spatial distribution of land and water is highly uneven among Chinese regions, with serious mismatches between land and water availability in certain locations [43] . For instance, the northern part of China occupies 3/5 of The effect associated with the spatial distribution of the area sown exerted a negative impact, which indicates that China's grain production has been shifting from more productive southern regions to the less productive northern regions. Anyway, the effect has diminished and, eventually, had a meagre impact. The latter finding implies that spatial distribution effect may no longer appear as an unfavorable factor for grain production in the future. Moreover, spatial distribution of land and water is highly uneven among Chinese regions, with serious mismatches between land and water availability in certain locations [43] . For instance, the northern part of China occupies 3/5 of the country's arable land area, yet only 1/5 of the country's water resources are available there. In contrast, the southern part of China is endowed with 2/5 of land area and 4/5 of water resources [44] . Therefore, further shifts of grain production from the South to the North would definitely be restricted by the already tight water situation in the northern part of China.
Though the changes in cropping pattern have been increasingly important, the potential for growth in grain harvest due to the latter effect is likely to diminish because of the following reasons:
First, the recent replacement of soybean by high-yield maize prevailing in China allows satisfying the booming domestic demand for feed grains to a certain extent and would keep high self-sufficiency in staple foods within the country, yet it would decrease self-sufficiency in oil crops, especially soybeans, whose self-sufficiency rate has already been lower than 15% [45] . Currently, the area sown under soybean constitutes less than 18% of that sown under maize [4] , thus the possibilities for further substitution of soybean by maize should be rather limited.
Second, the main drivers behind the changes in crop-mix, as manifested by substitution of maize and rice for soybean and the other grain crops during [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] , are the differences in revenues and profits associated with the latter two groups of crops. These differences are partly due to the price support policies. Table 3 presents yield, price, and profit data for maize normalized by respective data for soybean. Given that maize and soybean are direct substitutes in many areas across China in terms of planting season, the higher net profit for maize motivates famers to expand the production of the latter crop and contract the cropping of soybean. A rapid expansion in area sown under maize has resulted in maize output nearly doubling during 2003-2013 (from 115.8 Mt to 218.5 Mt). However, on the other hand, the growth in maize output has already outpaced that of its demand and led to increased surplus production and stocking in China [46, 47] . Thus, having faced this serious situation, the central government has already announced intentions to slowdown stockpiling by reducing purchase price for maize [48] . It can be expected that the relative profit for maize will consequently decrease, as well as the previously positive effects of the crop-mix change. (1) "Relative Yield" refers to the ratio of the yield of maize to that of soybean; (2) "Relative Price" refers to the ratio of the producer price of maize to that of soybean; (3) "Relative Profit" refers to the ratio of the net profit of maize production per ha to that of soybean. Source: authors' calculations based on the National Compilation of Cost and Revenue for Agricultural Products (NDRC, various years).
Third, the changes in international food markets along with interaction between domestic and international food prices will also affect the relative prices of crops under consideration, viz. maize and soybean, and, thus, will impact Chinese farmers' revenue, as well as their decisions regarding crop structure. Indeed, this will add uncertainty to the future crop-mix adjustments in China's grain sector. Thus, in the long run, the room for cropping pattern change in the same direction, as it has been observed in the recent years, will be rather limited.
Methodologically, our findings show the aggregate analysis may overstate the impact and importance of technical progress in promoting grain yield in China, if changes in crop-mix and spatial distribution are not accounted for. It is generally accepted that CAD has positively contributed to China's grain yields and can explain 50% to 60% of increase in the grain output in recent years (cf. [49, 50] ). However, based on our estimates, though almost 65% of China's grain output growth during 2003-2013 can be attributed to aggregate yield improvement (i.e., the effects of spatial distribution, crop-mix, and yield), the pure yield effect, which should capture the immediate effects of the implementation of CAD, was just 47%. This implies that the effects of the CAD might be overestimated in Chinese agricultural sector.
Given the difficulties associated with relying on land expansion and structural adjustment effects in stimulating grain production, increasing the yields of grain crop varieties through biotechnology might be an unavoidable choice in China in the future. In fact, if compared with the situation abroad, China's grain yields are still lagging behind. As shown in Table 4 , China features lower yields of the main grain crops if contrasted to the major producers and/or the countries with the highest yields in the world. Such gaps imply that there is still quite some potential to increase the yields of different grain crops in China. (1) The data reported are the average values over years 2011-2013; (2) For each crop, we choose the country with the highest yield among the top five producers the world as the "Major Producer". Thus, for rice, maize, wheat and soybean, "Major Producers" are China, the United States of America, France, and the United States of America, respectively; (3) For rice, maize, wheat and soybeans, the highest yields in the world are observed in Australia, United Arab Emirates, Belgium and Thailand, respectively; (4) "China/MP" and "China/WH" refer to the ratios of crop yields in China if compared to those in the "Major Producer" and the "World's Highest", respectively. Source: FAOSTAT.
Looking at results regarding rice production, one can note the area effect has become more and more important, while the importance of yield effect has declined, indicating a rather subdued improvement in rice yield. Though rice also has been enjoying a positive crop-mix effect, especially in recent years, the shift of production from the South to the North has somehow offset the positive effects. Thus, more attention should be paid to R&D thereby fueling technical progress and spillover of technology in rice production.
As regards wheat, the pure yield effect remained as the major effect behind the output change throughout years 1978-2013. Wheat production was rather stable in terms of structural effects. Accordingly, extensive development and pure yield gains remain the main sources for harvest growth.
Extensive development, i.e., the area effect, along with the yield effect, has contributed significantly to growth in maize output. Noticeably, intensive development seems to have become more important as the effects of crop-mix change and spatial distribution change exceeded those of factors associated with extensive development. All in all, maize has become a more preferred grain crop in the past decade as suggested by the crop-mix effect. However, since the favorable relative revenue and net profit of producing maize might no longer be in effect, it can be expected that maize will lose such a favorable position, and the production of maize will shrink in China in the near future.
For soybeans, the area effect and pure yield effect have always been important in terms of harvest variation. Though the area effect, yield effect and spatial effect were all positive in the past decades, they have been offset by unfavorable cropping pattern change. This indicates that soybeans are losing their popularity in less fertile regions.
The region-wise results correspond to those in the other studies [13] in that we have identified similar patterns of crop output change, yet we take a different perspective on decomposition thereof. In general, NE region has seen serious improvements both due to climatic conditions and policy measures taken there. At the other end of spectrum, the coastal region has lost its productive potential due to urbanization and policies promoting abandoning of crop farming. The results indicate that SW region showed moderate growth in the grain output, which was mainly driven by the yield effect. This echoes Wei et al. [13] , who argue that "a lack of management techniques" is evident in the area.
Indeed, managerial decisions could further impact the spatial distribution and crop-mix and thus contribute to the growth in the aggregate yields.
Conclusions and Policy Implications
This study examined the patterns of China's grain output growth since its rural economic reform in 1978 from a disaggregate perspective. The LMDI technique was employed to quantify the extensive and intensive factors behind the output growth for different grain crops in period-, crop-, and region-wise manners. The results showed that some factors (e.g., spatial distribution) can have little influence at the aggregate level, yet region-or crop-level decomposition rendered somewhat different conclusions. Additionally, accounting for different effects also allows one to gain reasonable insights into sustainability of and scope for prospective growth in grain production as well into impacts of such schemes as the CAD and agricultural technical advancement in China. Therefore, the proposed approach might be useful for revealing the underlying trends in crop harvest which would be neglected otherwise.
Our findings indicate that yield gains have been the major source of growth in grain harvest. The extensive development, as represented by the area sown effect, has also been an important factor since year 2003, when the direction of change in the area sown was reversed due to shifts in the support policies. The most recent period of 2003-2013 is also distinct with the highest impact of the crop-mix effect, which indicates the need for crop-specific analysis in order to address the recent developments in China's crop farming and ensure the implementation of food security objectives.
Looking into the future, the constraints imposed by limited land and water endowments and climate change, among other unfavorable factors, are to emerge. The pressures associated with further growth in grain harvest in China will be even more severe and induce serious ecological costs related to groundwater overuse and nutrient leakage. So far, China's endeavor in ensuring absolute self-sufficiency in staple food has not secured the country's food security needs and, what is more, has caused excessive economic, social, and environmental burden [51] . For instance, almost half of the remarkable increase in China's grain production following 1980 can be attributed to an increasing use of chemical inputs [52] . As shown by Zhang [53] and Luan et al. [54] , possessing only 9% of the world's arable land resources, China is responsible for 35% of world's total fertilizer and pesticide consumption due to excessively high rates of application. Overuse of chemical fertilizers and pesticides coupled with intensive farming practices have already contributed to severe degradation of land and large scale of pollution [55] . Thus, to ensure food security and to promote sustainable agricultural development in China, more attention is needed to the following three aspects:
First, given the serious scarcity of arable land and water resources, the primal priority should be to thoughtfully protect and maintain the existing land and water resources. On the one hand, it is important to prevent the loss of the most productive farmland during the ongoing urbanization process. On the other hand, China should pay more attention to improving the quality of cultivated land by encouraging rehabilitation of arable lands that are suffering from ecological degradation and defining strategic measures for improvements of the underperforming cropland. According to some estimates, partial improvements of middle-and low-yield farmlands would increase China's grain production by some 20% [56] . Therefore, improving land productivity through strengthening the agricultural infrastructure and, particularly, irrigation systems, especially in the middle-and low-yield areas, should become important goals of China's agricultural policies in the foreseeable future.
Second, as the structural adjustments will not remain the main impetus for growth in grain output in China, technological progress aimed at improving the specific grain yields will become more important in this sense. As discussed previously, significant gaps among the yields of major grain crops in China and other countries reflects that there is still great potential for improvements in China's grain yields. Therefore, more efforts should be made to intensify the R&D aimed at developing improved varieties corresponding to domestic resource and environmental endowments; i.e., more varieties suitable for the middle-and low-yield areas are needed. In addition, extension and advisory services are highly important in promoting and applying high yield varieties beyond the R&D activities. Finally, besides increase in land productivity, development of water-saving technologies and water price regulation also remain topical issues. These adjustments would allow mitigating hazards resulting from climate change and urbanization.
Third, from an economic perspective, a market-oriented approach is required to achieve food security goals. Indeed, rational exploitation of the international markets would ease China's great environmental and ecological pressures. In recent years, China's total net agricultural imports equaled to substituting 66.7 million ha of agricultural land and 250 billion m 3 water [51, 57] , thus effectively alleviating domestic shortage of land and water resources. Therefore, rational utilization of the international food markets can effectively supplement the domestic grain supply. A-area sown effect; S-spatial distribution effect; M-crop-mix effect; Y-pure yield effect.
